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(54) STEEL TUBE WITH HIGH STRENGTH AND HIGH WORKABILITY AND PRODUCTION 
METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electric 
resistance welded steel tube with high strength and high 
workability together with the production method for the 
same. 

SOLUTION: An electric resistance welded steel tube is 
subjected to diameter reduction rolling at the preferable 
reduction rate of 30% or more and in the temperature 
zone of 600°C or more that may cause the 
microstructure to change into a structure mainly 
consisting of a ferrite, in order to change the cementite in 
the steel tube Into a spheroidized one of 0.1 p,m or more 
in the average diameter. The steel tube so processed is 
then heated up at the rate of 10°C or more per second to 
the temperature zone of 800-1 100°C, at which it is 

maintained for 30 seconds or less. After that, it is cooled down at the rate of 3°C or more per 
second to the temperature of 500<='C or less. Alternatively, the steel tube having the 
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microstructure comprising the spheroidized cementite with an average grain diameter of 0.1 \i 
m or more is subjected to the heat treatment described above and is subsequently subjected 
to the diameter reduction rolling stated above and cooled down under the above condition. 
Thereby, the steel tube having the high (r) value of 1 .2 or more and including a residual y 
(gamma) phase is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A ferrite phase is made into a subject, it has the organization which contains a retained 
austenite phase more than 2.5 % at the rate of the volume, and an r value is 1.2. The high intensity and 
quantity workability steel pipe characterized by being above. 

[Claim 2] The high intensity and the quantity workability steel pipe according to claim 1 characterized 
by having the presentation which consists of the remainder Fe and an unescapable impurity by mass % 
including C:0.05-0.3 %, Si:0,2 - 2.0 %, and Mn:0.5 - 3.0 %. 

[Claim 3] The high intensity and the quantity workability steel pipe according to claim 2 which is 
further characterized by containing one sort chosen from from by mass % the inside below Cr:2.0 %, 
below Mo:2.0 %, below W:2.0 %, below nickel:2.0 %, below Cu:2.0 %, below Tiil.O %, below Nb: 1.0 
%, and below V: 1 .0 %, or two sorts or more in addition to said presentation. 
[Claim 4] About a steel pipe, a cementite is mean particle diameter 0.1. With the heating rate of 10 
degrees C/s or more after the organization more than 600 ** does diameter reduction rolling in the 
temperature region which is a ferrite subject so that it may become a balling-up cementite more than 
mum It heats to the temperature of the range of 800-1 100 degrees C, holds 30 or less s to this 
temperature, and, subsequently is the cooling rate of 3 degrees C/s or more. The manufacture approach 
of of the high intensity and the quantity workability steel pipe characterized by cooling to 500 degrees C 
or less. 

[Claim 5] A cementite is mean particle diameter 0.1. The steel pipe which has the organization which is 
a balling-up cementite more than mum With the heating rate of 10 degrees C/s or more It heats to the 
temperature of the range of 800-1 100 degrees C. It continues, after holding 30 or less s to this 
temperature. Diameter reduction rolling is carried out in the temperature region whose organization 600 
degrees C or more is a ferrite subject, and, subsequently it is the cooling rate of 3 degrees C/s or more. 
The manufacture approach of of the high intensity and the quantity workability steel pipe characterized 
by cooling to 500 degrees C or less, 

[Claim 6] The manufacture approach of of a high intensity and a quantity workability steel pipe 
according to claim 4 or 5 that said steel pipe is characterized by having the presentation which it 
becomes from Remainder Fe and an unescapable impurity C:0.05-0.3 % and Si:0.2 -2.0% by mass % 
including Mn:0.5 - 3.0 %. 

[Claim 7] The manufacture approach of of the high intensity and the quantity workability steel pipe 
according to claim 6 which is further characterized by containing one sort chosen from from by mass % 
the inside below Cr:2.0 %, below Mo:2.0 %, below W:2.0 %, below nickel:2.0 %, below Cu:2.0 %, 
below Ti: 1 .0 %, below Nb: 1 .0 %, and below V: 1 .0 %, or two sorts or more in addition to said 
presentation. 



[Translation done.] 
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CHSW2 3 n&%X\ C : 0.05-O.3 %, Si : 0.2 
-2.0 Mn : 0.^3.0 SaFetJitPRT 

r : 2.0 Mo : 2.0 %WT, W : 2.0 %aT. N 

i : 2.0 %l!XT. Cu : 2.0 %WF. Ti : 1.0 %WT. N 
b : 1.0 %IilT. V : 1.0 ^ *>*»<i,3Stfit^ 1 

[ii^«4 ] m'Si:. -fe^ y^'^f hJip'Ti^sgo.i u 

ma±.m.mt^J< y^'-^ b fc^S J: ^ fc, 600 ^ULh 
lO'C/stLhOJiBaiiJK-C 80O~1100'C<Olifflc7) 

^e^iztmi. Miasfc30smT««pL> ov^tsx;/ 20 

s &±<r><^mmx' soo-cOT * r?^a)-t 1. i t 

msms ] -fept yrJ'^f H*^'¥i^ago. 1 ;umj.:Ji±o 

sKLhiOjDlSijSSt- SOO^llOO'CWliHcOiaStCjDift 
iSfflJStC30sJJlT«jf L/cf*, 600X:J.:Ui 

-:)V^T3'C/slil±C0J^a]3[S-C 500-CWT^T}^ait 

m^me] mmimK nM%x\ c-. 0.05-0.3 30 

%. Si : 0.2 ~2.0%, Mn : 0.5 -3.0 %iis^. W 

fSLttm^4 tt:ii5izimm^& ■ mnaxm 
imitmi] iits§dm.iziiaix^hiz.m%x\c 

r : 2.0 %lilT. Mo : 2.0 %lilT. W : 2.0 %&.T. N 
i : 2.0 %WT. Cu : 2.0 Ti : 1.0 %WT. N 

b : 1.0 %aT. V : 1.0 %aTer>dibi)^(^miiiifcl 

izmL<r>mm. ■ mi\a:mi^'s<m^ijm. 4o 

[0001] 

*). b<^z^&m<^tiai.mmzmti, 

[0002J 

iir-^yy<7mmi}'mnLxtso. ^tti,zm\ v 
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!>. #IB2000-219933-f4^{Ci£ili$ayiiS3fe^»f 
ti. C : 0.05-0.3 Si : 0.5 —3.0 Mn : 0.5 - 

2.5 %*;^, 2.5 tm%&±mm-y^Ti-^ h 
(r)mtL. «®^-;^■f•^^ hm^cm&ij^f- 
mm<7)5iSii}±x'h'o . 3\iismtm/mm5ooow>a 
%&Li.m^i^^hm-ch*) . TRipmtmmff) 

[0003] tf:i. I^m^e -41689 -f-i^Wi, Cr : 
7.5 -25%*W^S7x9'f hi^XTVU^«!<0^^*» 

^OgKfffi®:tri6l<^7>'^'7;r-H<i ( rtt) *<1.2 
W±. ffli:Sria]Ka3St-&:fr|6i<05y^7*-Kffl*<i. 

ItlSL, «SP^^iiSBrS:je::Ut=<v^i:$ni.. 
[00 04] ^/c, #ig¥10-175027^^fc:{i, ftS 

:t]}fii(r>rmi)mmiiifii(r>rmxr>±x'hh^^^ kq^* 

[0005] 

mmmm^ii-Mmit txa *) . 1^532000-21 

9933^^^fg, !^raT6 -41689 ^^fg. ^$^¥10-1750 

27^i2f^{wiei5§nit«i=*<^-rgjsc7)SiixttX'<i, 

[0006] mm, #^000- 219933^^?8tie^$ 

tLti^rm^thmx'ii. mm^^-t Ko7:r- 

tfjDl^ff-5t. i£J-rtt>^»'5r^W Kn7^-5yir 

i^tc. mifmmmmiz^i/im'^Lxmtuzmh 

[ 0 0 0 7 ] § #>t. ^rfflSr^-f 5iSf<Ol8ji^ 

t ixti.. mrm^t?>fmimmzmi'>- 
j^imtxmsm§tthm^j::mmz.(:,rittfi, 

mMzmm^ Lxmwr^ti^m- L+^^^twxm 

mm^\ 1;^. !^gB2000-219933#i^«tgB^SiX 
f?fe5!ftai^<0}^a]*5. 

Tmtx'}^mii^-'iiz^xhzkmL<. m-taa 
t^£i^mm^mk.<mmmh. m(r>m.\zii\.^ 

X\i. mM.'^^WSLX''{xi>ixX\^h^o^j:^^t%^ 
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■k. 600 •CKLh-e*-'?. ^1il^cOfflfiS*<7x^^ h 

mx'h^m. (as) t\ s§g* : 3o%tLhcoi^gE 

ji (iS^SE®) 2:ffp^i;{;J:0. ;^*(6l<^rffi 

[0011] imm^(:>\i. mLtziSij^x-nmrn 

^mx't hn&\,z\!am^m.<r>c ^^^hmnzm 
mtti\i. ■^r-m.xti^mLM.m.'Srm'^^L, jd 
■Lmm^z\^±. Ltzmt -th^it ifix'% h^t 

[ 0 0 1 2 ] t', *^HM^>{i. J!£v>KHT-ESa 
^ h jS^i^ilg t'l«) 0. 1~ 1 /X mgSOTOL-b ^ V 

h-cj)SfflatL)ta;fc\ lo^c/stUKoausMS 

g-C-SSO -llOO'CcOKHcoSS^tHlESL. ^jSSt'l 
-30 s Um-fi t tc J: 0 . 3 s SSOJ#ai3SJgt' 
t>^rfi**4« fCtoItt*<$ h<,z\^iL-fi>:it m 

j^eso.i -^vinmmmM^yif^ vxthhimt 

Lt:otX\ 10X:/stU:<7)i(l|?!ij£jgT'850 ~1100'C<7) 

SBH<oia®tc« L/ci^. -f-coiastc 1 ~30 s 
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hULmzm-tzmirnkX-t S ^ t $:l.^^^'Lf>:. 
[0014] iJBL^^ttl.t«-:Jt^T. § 

t«il^S:JP;cT^$*ti^.:t><Ot'fcl.. •f'Sri?^, HI 

^ bfflS-fta*T'2.5 %UUi-^*-tS*afiS$:*t. rfil 

*<i.2 \:j±x'hh:Lbi:mitthm:&--mi.'m 

%-C, C : 0.05~0.3 %, Si : 0.2 -2.0 %, Mn : 0.5 
-3.0 %k^^. Sa5FefeitPrTsrjSW^«14!l*>^>^S 
iafi)ti£r^-tl.ii:*<»*L.<. HlO^lgBflX' 
Ji. 1fl£ffl«fc:SDiT§<5t. Cr : 2.0 %a 

T> Mo : 2.0 W : 2.0 %^Xf. Ni : 2.0 %Ul 

T« Cu : 2.0 %JaT. Ti : 1.0 %JaT. Nb : 1.0 XVX 

T. V : 1.0 %\?xy<r)'>%*^t>mititzimttz\t2m 

[00 15] t.fz, m20*^BB{S, iltS:. -fe^y:? 
20 ^ h*«TJ^«i@0.1 /xmahco^m-fe^y^'^ ht^ 
hi.0i,Z, 600 -CmJic^, ffl^A^^x^-f 

m.m\ utL<iiyi%mL(^mmx\ mmmt 
tz<n-h, lO'c/stUbfiojpf^ai^t:' soo-iioor*?)®® 
OiaStaDfRL. KiaKfc:30smT«»U, oir^-CSX: 
/sJjLhOJ^aijSST ^'■C]ATtX'}^m-hZt-km 

[0016] ^^i, *3<^*I6BJ«, -b^y^>fh*<^ 

i^-tsii'f wc/ si;j±<ritm^X' 800M100X; 

mm imc\;j±<r>. msdfiy^^^ v^wxhm 
s^-c, igttL<\i3o%m.mm'X\ mwmt, 

OV^X'3'C/siyj:<0?§aij£S-C' 500X:OT*T'}$a-f 

SCI fc mwih-i-mm. ■ m\x'&^3mm<n!m)i 

{00n\ttz, IS2O*l&03fcJ:t^m3O*^BBT' 
{±, luieiSf W/oX\ C : 0.05-0.3 Si : 0. 
2 -2.0 tti : 0.5 -3.0 S^FefcitPF 

40 tz. mimmzntx^hfiz, m&%x\ cr : 2.0 %ia 

T, Mo : 2.0 W : 2.0 Ni : 2.0 %ia 

T. Cu : 2.0 %iaT, Ti : 1.0 %VXT, Nb : 1.0 %Jjl 
T. V : 1.0 %aT<^o-hi)^(}Mtiixfzimttzii2m 

[0018] 

iWMcrmmmm] mi(7):^^mx'hmmi. 7x 
50 x7^ hm^f^tti^ mmtii. y^-y^ vm^ 
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[0019] s®rM*52.5 tm%mxu. i^m/ 

ffl$-^tfl^O»lrtCfc(tS rfflti, iS^l.O gJKt'J) 

10 0 2 01 mmcoma. mitzmt . $ ^{c 

'MM.%X\ C : 0.05-O.3 %. Si : 0.2 -2.0 Mn : 

0. 5 ~3.0 mmeioitM^mmmiiJ^iy 

iX^^iZ. 9&.%X: Cr : 2.0 %aT. Ho : 2.0 %Ja 
T> W : 2.0 %&T. Ni : 2.0 %WT, Cu : 2.0 %\H 
T. Ti : 1.0 XaXr. Nb : 1.0 V : 1.0 XHXT 

[0021] ortc, *^BB<7)iri=oaB^iisgatt^o 

C : 0.05-O.3 % 

X^^^tihtK ^hl,zrmzm.LX. -5-ii5r^S$ 

MZM. 'yti:< i: t>0.05%W±^*-t?.:: L 
0.3 %S:Si.-C-^*LTt,. ^-fhimy 

m.ifmx L T tijajioapitt<oip)±*<i2i6 hixts:\^. 

Z</)iZib. :^%mX'ii. C{i0.05~0.3 %<0«iiCBI^ 

[00 22]Si:0.2~2.0 % 

lt:ibl,z-m^j:7cmX'h^. ZC0Xd^j:t9]mi. 0.2 % 
l':Lh<7)^*Tl2i^^>tll.. -U. 2.0 %S:S;L-C^*L 

fiT-rs. icoTt^^. suio.2 -^2.0 %ff)mnzm^ 

[0 0 2 3] Mn: 0.5 —3.0 % 

$1i-S®rffl^4t^-f<1-S^'5:7cST'S)l.. Z<r> 
io^j:mkii. 0.5 %JaJiW^rci2ft^>ixS. 

3.0 %t:nix^tixi>. ±is.iizmmfimi-ti>'i 

1, ■^^l-oXMX^tl^m'-th, ZC7)tcif). MntiO.S - 
3.0 %(O^Wi,zm^-ti>Ztii^MtL\.\ 

[ 0 0 24 ] Cr : 2.0 %JilT. Mo : 2.0 %JaT. W : 2. 
0 %WT. Ni : 2.0 %mT, Cu : 2.0 %«T. Ti : 1.0 
%KIT. Nb : 1.0 %OT. V : 1.0 %aTff)^*>i)*h» 

i£Hfzimtrzii2mj± 
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Cr, Mo, W, Ni, Cu, Ti, Nb, V{4, V^-mt, 

&i\^±^-t^mi^im^j:7i^xi)0. miz 
fdtxmixis^hzt^x^h, z^x'i^^m 

{4, Cr : 0.1 %tUi, Mo : 0.1 W : 0.1 %&. 

±, Ni : 0.1 %JiLh, Cu : 0.1 %UU:, Ti : 0.01%tl 
±, Nb : 0.01%at, V : 0.01%ULh, -Hx^tl^^t 
hZkizX*)Smbt>:h. -U. Cr:2.0 Mo: 2.0 
%, W : 2.0%, Ni : 2.0 %, Cu : 2.0 %, Ti : 1.0 
%, Nb: 1.0 %, V : 1.0 %i&je;c.X-?-#l-fil**LT 

0. giffWfc^fiJi:^:!.. icofci^), Cr:2.0 %WT, 
Ho : 2.0 W : 2.0 %felT. Ni : 2.0 %JilT, C 

u : 2.0 %ar, Ti : 1.0 %&.T. Nb : 1.0 %WF. 

V : 1.0 %i:mz^ix^m^t^ztmti\'\ 

[0025] ±MiUzmm-cr>Wi. FefcitPPI 

mmMm^^^£?>. ^mmnmt lt»4, ai : o. 

1 %&.T. P : 0.1 S : 0.1 %mT, N : 0.01 

%OT, O :0.01%WT*<?F§t'§l.. |g20 

m& ■ ^miitm^mt1fm^z':>\,^ 

20 TIRHB-rS. 

[0026] ®2^*%BSt'{4. if* L<«i±ieL^a 

i}<fmmT^%\iLtx'3f)imib ^siass-sift-f 5 . 

•f^ri?^.. 7x7^ hma, i5SV^{4f^s«$-C'50%JjLh 

30 HSiWCi^S-rtitf^v^**, fcJ:-!-900 •ClilTT-ifeS. 
[0027] 600 •cjjLtc, tpnusmfiy X 9 

1.2 tLhiOiUrffl^-gt^rl,. ^rfc, Sl'fiOriKi. ^ 

@ffii(osi@gjS, iii>\^M^t>\zimm\izm^ti 
h. m<^rmt. mmm<r>mm. mmmnim 
m.) t<nm^i:mi<,zm> mit-h. ')'-^£<ti>^ 

^SS&<n^mm.im> rBLtt-abiXtf, r<il.21iLI: 
tl^-{^Vmx^hZtti^ht-h. L*»L, ^gfflicos 
7x5-f h±«ccofflli-C:5r<=5rSiaa (01X14 
40 880 X:) ^mtht. rtt*il.2 OTtCffiT-TS. 
[0028]fll«(r)rffii:, «aS$i:<^BMR*ia2tcJn 
t. I12*>^>, }g@$$:30%ia±tt-S^tlCj:»). r 
ill. 2 feU:*J-H^mt'# Sit *<i5*»S . Zff)to^j: 
ZtiJ^iy. *%BB-c(4, 600 rtLh-C, **offli«*<7x 

3, Jgg* (%) «4, { (^frcT)^^^) - (iffiS 

ntcomm) / (mm<rms^W) > xioo (%> 
50 [ 0 0 2 9 ] ^rfc. ±K u^ciif r mj^mn. 600 x: 
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^4t<{=lS£^^t&t,.?)•c«^rv^. mm. msmm 
mmmmu-r^m^^miX'^ , ^ r mmz 

lOO3O]«0^Sr, 6(X)X:tU:T, *»offl«»57x7 10 

1.2 &,±<r>^rmm'§b^j:mmiz-:>\^x. 

imcoJ:ol.z^x.X^^i. 600 •CtLhr. *»offliS*<7 
iT'^aESfSCittcJ:'). SiW«#:^(6]{:<110 > 

^u\^iz<m >~<iio >«i*5¥ff^. a« 

[0031] z<7)mm-^m<r>^i. hozmmzx 
ox^&mm^-^i>fdmm*^±^<.mmxis 20 
rmi^itiMzm^ Lx^^iw^ikm-^merim-^t 
{is^o. m-is'mmmAmw^^mz<\,\ -e 

[ 0 0 3 2 ] . ^S£0i^6oo 'Cim<nmx^o 

+mmi$.. mm^i^^t^\'^tzi^x'hi, tti. 30 
ximmtfzm. mmm-rtifmxii. mrmfi 

<^mx'$k-^mti^muj:\>^tzi^b^i . 
[ 0 0 3 3 1 ^rfc, mm<7)m!^smi 7 x 5>f hm- 
ffd. ^rmm<r)m&^mi}m(3tix^^?>, u>l. 

Cc7)7x5'f h«E®o:fir^{i^ c. N«$r<6JSL. T 
i , Nblf m ^' t'7 X7c3^5:^D L;t:^$-ffiai^t1S5 

gSr*%BBW J: 0 ^iaStlt ^ i: , S r <i^b<^5!)^{i# 40 

mxum-i3\^x'hi>tcmz. rmtfimiz&Ttifz») 

Xhh. 

[00 34] ttz. W.2<D^WnXM. ^Jty^-i h*« 

^mi. mff)mizf5tx. imimmm. mi 

mtiZblzX*)miX^i>, m2<^):^mXU. ± 50 
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mitzxdiz. m^. eoo •cw±t\ *»oiifii*«7x 

i^y^A vbt£hmSib LJtt*, wc/svx±.<^wm 
St' soo-iioccfj^sffloiaKtcapsiL. msmzs^s 
laTft^fL. ov^•c3x:/sl^Ul<o^&fflaLe•e 5oox:ja 

10 03 5] mmm(o-t;<y:^^ ht:mw^±^ico 
mmt^^y^^ hbLxuKzbAmsrmmEM. 

^jty^^ h^mmm^imsiz^. e3*»*>. 

mWrm^2.5 m%W±btlt:iibizii. 

y^'-f h<55T%S@«:0.1 Mm l;Xtbthimt/'hi>Z 

bifihtf^h, ^ti. mm^^yiy:}'^ bWi^S@3&<10 

mmwrm^-t h fzif^>,z-mb the &m-&t 

h, z<7)t:ib. mmt-t^y:!'^ hwj^esmo/tin 

aTbthzbmti\.\ 

[0036] ±iiLtiXo^j:Mmmmmizx o . -fe^ 

y^^ hi:±tiuz^mmmt-b^yi'^ hbtfcm 

«Sr*^S«?«2:, ov^-ClOX^/sUUiWjiiafeiSK-e 8 
00M100'Ccoeffl<7)igjgtcJpfit. SOsOTfti^tS. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a high intensity steel pipe, especially relates to the 

workability improvement of a high intensity steel pipe. 

[0002] 

[Description of the Prior Art] In recent years, application of hydroforming is increasing to shaping of 
autoparts and the steel pipe which was excellent at hydroforming nature (henceforth hydraulic-forming 
nature and hydro form workability) is demanded in connection with it. As opposed to such a request, the 
high intensity steel pipe excellent in hydraulic-forming nature is proposed by JP,2000-219933,A. the 
high intensity steel pipe indicated by JP,2000-219933,A - C:0.05-0.3 %, Si:0.5 - 3.0 %, and Mn:0.5 - 
2.5 % — containing - 2.5 It is the steel pipe with which it has a retained austenite (ganmia) phase more 
than volimie %, and C concentration in a retained austenite phase is 5 or more times of the average, and 
the product of tensile strength and elongation has a property beyond 15000MPa%, and it is supposed 
that it can manufacture by the same manufacture approach as TRIP steel. 

[0003] Moreover, the high Cr content electroseamed steel pipe excellent in the workability continuously 
manufactured by roll forming from the band steel of the ferritic stainless steel contained Cr:7.5 to 25% is 
indicated by JP,6-41689,A. For this steel pipe, the Lankford value (r value) of a rolling direction is L2 
in the phase of band steel. The Lankford value of the direction which intersects perpendicularly with a 
rolling direction is 1.5 above. It is characterized by using the above band steel, and let thinning and 
fracture be piles on the occasion of bending at a lifting. 

[0004] Moreover, the metallic conduit for hydro form processing whose r value of the direction of a tube 
axis is size from the r value of a tubing hoop direction is indicated by JP,10-175027,A. This metallic 
conduit supposes that Itadori is carried out and the direction where an r value is large is manufactured as 
a metal plate to be used so that it may become the direction of a tube axis. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the configuration of the latest autoparts was 
complicated further and there was a problem that sufficient hydro form processing could not necessarily 
be carried out, in the workability which is extent which the steel pipe indicated by JP,2000-219933,A, 
JP,6.41689,A, and JP,10-175027,A shows. 

[0006] For example, with the steel pipe which has the residual ganmia-phase indicated by JP,2000- 
2 19933, A, by simple hydro form processing, although good workability is shovm, when bending is 
performed as preforming, there is a problem that good hydroforming nature is not necessarily obtained. 
Since this has the small r value of a steel pipe which has residual ganraia-phase, it is for the thick 
difference of the outside of bending and the inside becoming large, and deformation concentrating on 
the thinning part of a bending outside at the time of hydro form processing at the time of bending, and 
resulting in a crack. 

[0007] Furthermore, although the simple approach of fabricating the steel plate which has residual 
gamma-phase in the shape of a cylinder, it carrying out seam welding as the manufacture approach of a 
steel pipe of having residual gamma-phase, and using as an electroseamed steel pipe can be considered, 
by this approach, processmg distortion is large, the residual gamma-phase of a steel plate carries out 
strain induced transformation during tubulation, residual gamma-phase decreases, and sufficient 
workability is not acquired. Moreover, by the approach of heat-treating fiirther after tubulation which is 
indicated by JP,2000-219933,A, and making residual gamma-phase generating, it is difficult that 
cooling at the time of heat treatment can carry out only from steel pipe external surface from the 
configuration, or to put cooling water in a steel pipe top and the steel pipe bottom to homogeneity again, 
and there are problems on a steel pipe manufacturing facility - it is difficult to control to become 
uniform cooling with the whole steel pipe. In manufacture of a steel pipe, applying the cooling approach 
(for example, referring to JP,63- 195221, A) which combined quenching which is performed with the hot- 
rolling plate or the cold-rolled plate, and maintenance has a real production-facility top problem. 
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[0008] On the other hand, with the steel pipe with a large r value indicated by JP,10-175027,A etc., by 
hydro form processing accompanied by compression of the shaft orientations of a steel pipe, although it 
has good hydro form workability, when there is no axial push, sufficient hydro form workability is not 
shown. Since the steel plate which the r value is manufactured using the high steel plate, and uses the 
conventional high r value steel pipe is restricted to IF steel of super-low carbon, this cannot use the 
second phase, such as a martensitic phase and residual gamma-phase, but it is thought that it is because 
uniform elongation is small. 

[0009] This invention solves the problem of the above-mentioned conventional technique, and has the 
high intensity beyond tensile strength TS:400MPa, and the r value of a longitudinal direction is 1.2. It is 
as high as the above and aims at offering the high intensity and the quantity workability steel pipe which 
was excellent in workability with high intensity, and its manufacture approach. 
[0010] 

[Means for Solvmg the Problem] this invention persons examined wholeheartedly how to raise the r 
value of an electroseamed steel pipe first, in order to attain the above-mentioned technical problem. 
Consequently, it found out that the r value of a longitudinal direction improved remarkably by 
performing diameter reduction rolling beyond rate:of diameter reduction30% (♦* diameter reduction 
rolling) at the temperature (between **) whose organization of this electroseamed steel pipe it is more 
than 600 ** about an electroseamed steel pipe, and is a ferrite subject. Furthermore, according to this 
approach, it became clear that the electroseamed steel pipe (only henceforth a steel pipe) which has a 
high r value was obtained regardless of the presentation of the band steel which is the material of an 
electroseamed steel pipe, and an r value. 

[001 1] When applying to the steel pipe containing comparatively a lot of C to extent which can form 
residual gamma-phase for this approach further paying attention to the steel pipe which has a high r 
value regardless of ** diameter reduction rolling at the above-mentioned temperature in the presentation 
of band steel being obtained, this invention persons are high r values, and contained the residual gamma- 
phase of a proper amount, and realized that it could consider as the steel pipe whose workability 
improved notably. 

[0012] Then, this invention persons performed various kinds of heat treatments to the steel pipe which 
performed and formed into the high r value ** diameter reduction rolling which changed rolling 
temperature in the large range, investigated the workability of a steel pipe to it, and examined the 
optimal heat treatment conditions to it. Consequently, the temperature of diameter reduction rolling is 
adjusted and a cementite is abbreviation at an average diameter about the microstructure after rolling 
(detailed organization). After considering as the organization which is an about 0.1-1 -micrometer 
balling-up cementite It checked that residual gamma-phase generated 3 degrees C/at least about s 
cooling rate, and its workability improved fiirther by heating to the temperature of the range of 850-1 100 
degrees C with the heating rate of 10 degrees C/s or more, and holding for 1 to 30s at this temperature. 
[0013] Moreover, after a cementite considers the microstructure of a steel pipe as the organization which 
is the balling-up cementite which is the average diameter of 0.1-10 micrometers before ** diameter 
reduction rolling by annealing etc., this invention persons After heating to the temperature of the range 
of 850-1 100 degrees C with the heating rate of 10 degrees C/s or more, it holds between l-30s to the 
temperature. Succeedingly above 600 ** And after the organization did diameter reduction rolling at the 
temperature which is a ferrite subject, it foimd out that the steel pipe excellent in the workability which 
has residual gamma-phase by the high r value could be manufactured also by cooling with the cooling 
rate of 3 degrees C/s or more. 

[0014] Based on the above-mentioned knowledge, this invention adds examination ftirther and is 
completed. Namely, the 1st this invention makes a ferrite phase a subject, and it has the organization 
which contains a retained austenite phase more than 2.5 % at the rate of the volume. An r value is 1 .2, 
They are the high intensity and the quantity workability steel pipe characterized by being above. In the 
1st this invention Said steel pipe by mass % C:0.05-0.3 %, Si:0.2 - 2.0 %, It is desirable to have the 
presentation which consists of the remainder Fe and an unescapable impurity including Mn:0.5 - 3.0 %. 
In the 1st this invention It adds to said presentation. By mass % fiirther Below Cr:2.0 % and below 
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Mo:2.0 % W: It is desirable to contain one sort chosen from from the inside below 2.0 %, below 
nickel:2.0 %, below Cu:2.0 %, below Ti:1.0 %, below Nb:1.0 %, and below V:1.0 % or two sorts or 
more. 

[0015] Moreover, for the 2nd this invention, a cementite is mean particle diameter 0.1 about a steel pipe. 
It is the temperature region whose organization more than 600 ♦* is a ferrite subject so that it may 
become a balling-up cementite more than mum. It is the heating rate of 10 degrees C/s or more after 
being 30% or more of rate of diameter reduction preferably and carrying out diameter reduction rolling. 
It heats to the temperature of the range of 800-1 100 degrees C. It holds 30 or less s to this temperature, 
and, subsequently is the cooling rate of 3 degrees C/s or more. It is the manufacture approach of of the 
high intensity and the quantity workability steel pipe characterized by cooling to 500 degrees C or less. 
[0016] Moreover, for the 3rd this invention, a cementite is mean particle diameter 0.1. The steel pipe 
which has the organization which is a balling-up cementite more than mum With the heating rate of 10 
degrees C/s or more It continues, after heating to the temperature of the range of 800-1 100 degrees C 
and holding 30 or less s to this temperature. An organization 600 degrees C or more in the temperature 
region which is a ferrite subject It is 30% or more of rate of diameter reduction preferably, diameter 
reduction rolling is carried out, and, subsequently it is the cooling rate of 3 degrees C/s or more. It is the 
manufacture approach of of the high intensity and the quantity workability electroseamed steel pipe 
characterized by cooling to 500 degrees C or less. 

[0017] moreover, in the 2nd this invention and 3rd this invention Said steel pipe by mass % C:0.05-0.3 
%, Si:0.2 - 2.0 %, It is desirable to have the presentation which consists of the remainder Fe and an 
unescapable impurity including Mn:0.5 - 3.0 %, and it adds to said presentation. Further by mass % Cr: 
It is desirable to contain one sort chosen from from the inside below 2.0 %, below Mo:2.0 %, below 
W:2.0 %, below nickel:2.0 %, below Cu:2.0 %, below Ti:1.0 %, below Nb: 1.0 %, and below V:1.0 % or 
two sorts or more. 
[0018] 

[Embodiment of the Invention] The steel pipe which is the 1st this invention makes a ferrite phase a 
subject, and has the organization which contains residual gamma-phase more than 2.5 % at the rate of 
the volume, and an r value is 1 .2. They are the high intensity and tiie quantity workability steel pipe 
characterized by being above. The organization as used in the field of this invention "which makes a 
ferrite phase a subject" means the organization which contains a ferrite phase 50% or more. 
[0019] The amount of residual gamma is 2.5. Under by volume %, there is little uniform elongation and 
workability falls. For this reason, the amount of residual gamma contained during an organization in this 
invention for the improvement in workability is 2.5. It limited more than volume %. In addition, if 
contained exceeding 20 volume %, since it will be hard coming to obtain high intensity, as for the 
amount of residual gamma, it is desirable to carry out to below 20 volume %. Moreover, for the steel 
pipe of this invention, the r value of a steel pipe longitudinal direction is 1 .2. It is the steel pipe which 
has the above, the r value in the conventional steel pipe containing residual ganraia-phase — at most — 
1.0 It is extent. The r value of a steel pipe longitudinal direction is 1.2. It is 1.6 preferably above. It 
becomes above. As compared with the conventional steel pipe, bending workability improves 
remarkably. 

[0020] As for the steel pipe of this invention, it is desirable to have the presentation which is mass % 
fiirther and serves as the above-mentioned organization from Remainder Fe and an unescapable impurity 
including C:0.05-0.3 %, Si:0.2 - 2.0 %, and Mn:0.5 - 3.0 %. Moreover, in addition to said presentation, 
one sort chosen from from by mass % the inside below Cr:2.0 %, below Mo:2.0 %, below W:2,0 %, 
below nickel:2.0 %, below Cu:2.0 %, below Ti:1.0 %, below Nb:LO %, and below V:1.0 % or two sorts 
or more may be contained fiirther. 

[0021] Below, the reason for presentation limitation of the steel pipe of this invention is explained. In 

addition, % only describes mass % hereafter. 

C:0.05 - 0.3 %C are an element to which reinforcement is made to increase, and although they are 
contained according to desired reinforcement, they are an element required in order to condense to 
gamma-phase further and to make it remain. . with desirable in order to make residual gamma-phase 
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generate containing at least 0.05% or more On the other hand, even if contained exceeding 03 %, the 
amount of residual gamma to generate is saturated and improvement in the workability beyond it is not 
accepted. For this reason, as for C, in this invention, it is desirable to limit to the range of 0.05 - 0.3 %. 
[0022] Si: 0.2 - 2.0 %Si is an effective element in order to make residual gamma-phase easy to control 
generation of carbide and to produce. Such effectiveness is accepted by the content more than 0.2 %. 
Even if contained exceeding 2.0 %, in saturating the above-mentioned effectiveness on the other hand, 
workability falls on the contrary. For this reason, as for Si, it is desirable to limit to the range of 0.2 - 2.0 
%. 

[0023] Mn: 0.5 - 3.0 %Mn is the effective element which make residual gamma-phase easy to reduce the 
temperature of transformation from gamma-phase to a ferrite (alpha) phase, and to produce. Such 
effectiveness is accepted by the content more than 0.5 %. Even if contained exceeding 3.0 %, in 
saturating the above-mentioned effectiveness on the other hand, workability falls on the contrary. For 
this reason, as for Mn, it is desirable to limit to the range of 0.5 - 3.0 %. 

[0024] Cr: Below 2.0 %, below Mo:2.0 %, and below W:2.0 % nickel: Below 2.0 %, below Cu:2.0 %, 
and below Ti: 1 .0 % Nb: It is the effective element which has one sort chosen from from the inside below 
1 .0 % and below V: 1 .0 %, or the operation which raises the reinforcement of steel by two or more sorts 
as for each of Cr, Mo, W, nickel, Cu, Ti, Nb(s), and V, and can choose and contain if needed, such 
effectiveness - more than Cr:0.1 % - more than Mo:0.1 % - more than W:0.1 % - more than 
nickel:0.1 % ~ more than Cu:0.1 % - more than Ti:0.01% and Nb: ~ it becomes remarkable by 
containing, respectively V:0.01% or more 0.01% or more. Even if it contains Cr:2.0 %, Mo:2.0 %, and 
W:2.0% exceeding nickel:2.0 %, Cu:2.0 %, Ti:1.0 %, Nb:1.0 %, and V:1.0 %, respectively, 
effectiveness is saturated and it becomes impossible on the other hand, to expect the effectiveness of 
balancing a content. It becomes disadvantageous economically. For this reason, it is desirable to limit, 
respectively to below Cr:2.0 %, below Mo:2.0 %, below W:2.0 %, below nickel:2.0 %, below Cu:2.0 %, 
below Ti: 1 .0 %, below Nb: 1 .0 %, and below V: 1 .0 %. 

[0025] The remamders other than the above-mentioned component consist of Fe and an unescapable 
impurity. As an unescapable impurity, N:0.01% or less and 0:0.01% or less are permissible below 
aluminum:0.1 %, below P:0.1 %, and below S:0.1 %. Below, the manufacture approach of of the high 
intensity and the quantity workability steel pipe which is the 2nd this invention is explained. 
[0026] In the 2nd this invention, diameter reduction rolling of the steel pipe of the presentation 
preferably described above is carried out in the temperature region whose organization it is more than 
600 **, and is a ferrite subject. In addition, "the temperature whose organization is a ferrite subject" as 
used in the field of this invention means the temperature which serves as an organization whose ferrite is 
50% or more at the rate of the volume. That is, you may mean the temperature region where 50% or 
more of a ferrite and the second phase are intermingled at ferrite independence or the rate of the volume, 
and, of course, an austenite may also be included as the second phase. It is temperature decided by the 
presentation of a steel pipe etc., and although what is necessary is just to determine this temperature 
experimentally, it is below 900 ** about. 

[0027] It is an r value 1.2 by performing diameter reduction rolling to a steel pipe at the temperature 
whose organization it is more than 600 **, and is a ferrite subject. It becomes the above high r value 
steel pipe. In addition, the r value of a steel pipe is influenced by the rolling temperature of diameter 
reduction rolling, or the pan at the rate of diameter reduction. The relation between the r value of a steel 
pipe and the rolling temperature (diameter reduction rolling appearance side temperature) of diameter 
reduction rolling is shown in drawing 1 . Drawing 1 shows that 1.2 or more r values can secure enough 
if the appearance side temperature of diameter reduction rolling is more than 600 ** at least. However, 
an r value is 1 .2 when the temperature of diameter reduction rolling exceeds the temperature ( drawing 1 
880 **) which stops being a ferrite subject's organization. It falls to below. 

[0028] The r value of a steel pipe and relation with the rate of diameter reduction are shown in drawing 
2 . It is an r value 1 .2 by making the rate of diameter reduction into 30% or more from drawing 2 . It 
turns out that the above can secure enough. Since it is such, it is desirable to be 30% or more of rates of 
diameter reduction preferably, and to perform diameter reduction rolling in this invention, at the 
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temperature whose organization it is more than 600 **, and is a ferrite subject. In addition, the rate of 
diameter reduction as used in the field of this invention (%) is {(steel pipe diameter before diameter 
reduction) -(steel pipe diameter after diameter reduction)/(steel pipe diameter before diameter 
reduction)} xlOO. The value defined by (%) shall be said. 

[0029] In addition, it is obtained by carrying out diameter reduction rolling at the temperature whose 
organization the effectiveness of the above-mentioned raise in an r value is more than 600 **, and is a 
ferrite subject, and especially the hysteresis of the steel pipe before that is not limited. For example, even 
if it rolls out at the elevated temperature which serves as an organization which makes an austenite 
phase a subject before diameter reduction rolling, it is satisfactory in any way. Moreover, it is good also 
as lubrication rolling which supplies lubricant for diameter reduction rolling. While being able to control 
generating of a crack by considering as lubrication rolling, generating of the shear strain of the external 
surface side surface of a steel pipe can be controlled, and it becomes advantageous also to a raise in an r 
value. 

[0030] It is an r value 1.2 by performing diameter reduction rolling at the temperature whose 
organization it is more than 600 ** about a steel pipe, and is a ferrite subject, this invention persons 
consider the device used as the above high r value steel pipe as follows. 600 It is the temperature whose 
organization it is more than ** and is a ferrite subject, and is to form <1 10> shafts in a steel pipe 
longitudinal direction, to form in radial the ideal rolling texture where <1 1 1 - [ >] <1 10> shaft is 
parallel, to recover and recrystallize further, and for this texture to progress further by carrying out 
diameter reduction rolling more than at raterof diameter reduction30% preferably. 
[0031] Since development of this rolling texture rotates a crystal by processing distortion, it is [ driving 
force ] large, and unlike the case of the recrystallization texture which uses in order to obtain a high r 
value with sheet steel, it is hard to be influenced of the second phase or a dissolution carbon content. 
Consequently, with sheet steel, it is thought that the high r value was obtained also with the 
electroseamed steel pipe made from high tensile steel, such as difficuh hot rolled sheet steel and dual 
phase steel, and low-carbon steel, medium carbon steel, and high-carbon steel. 

[0032] Moreover, when diameter reduction rolling is performed at the low temperature of under 600 **, 
die reason a high r value is not obtained is for crystal rotation large work hardening and ideal not to take 
place at low temperature, and for recovery low temperature and sufficient and recrystallization not to 
arise. Moreover, after carrying out diameter reduction rolling between the colds, by the approach of 
carrying out recrystallization annealing, the reason a high r value is not obtained is considered for 
texture not to progress under the effect of the second phase or dissolution carbon by cold-rolling and 
recrystallization. 

[0033] In addition, the manufacture approach of the high r value steel plate which hot-rolls sheet steel in 
a ferrite region is learned. However, it is the description for the approach of this ferrite region rolling to 
reduce C and the amoxmt of N, to hot-roll the steel which added stubbies rise elements, such as Ti and 
Nb, in a low-temperature region, and to make it recrystallize fiirther, and diameter reduction rolling of 
this invention is a different approach. If sheet steel is hot-rolled at temperature like this invention, about 
[ that the effectiveness of a raise in an r value is not acquired ] and an r value will actually fall 
remarkably. This is for an r value to fall conversely to tiie direction of a draft being a circumferencial 
direction, since it is the direction of board thickness in a plate pressure total in diameter reduction 
rolling. 

[0034] Moreover, at the 2nd this invention, a cementite is mean particle diameter 0.1. It is desirable to 
perform diameter reduction rolling so that it may become a balling-up cementite more than mum. 
Balling-up of a cementite can attain the rate of diameter reduction further preferably according to the 
presentation of a steel pipe the temperature of diameter reduction rolling, and by adjusting within the 
limits of the diameter reduction rolled bar affair of this invention. In the 2nd this invention, as described 
above, a steel pipe within the temperature whose organization it is more than 600 **, and is a ferrite 
subject Diameter reduction rolling temperature is adjusted, diameter reduction rolling is performed, and 
a cementite is mean particle diameter 0.1 about the microstructure of a steel pipe. More than mum It is 
the heating rate of 10 degrees C/s or more after considering as the organization which becomes a 
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balling-up cementite 10 micrometers or less preferably. It heats to the temperature of the range of 800- 
1 100 degrees C, holds 30 or less s to this temperature, and, subsequently is the cooling rate of 3 degrees 
C/s or more. Heat treatment cooled to 500 degrees C or less is performed. Thereby, residual gamma- 
phase is formed more than 2.5 % at the rate of the volume, The uniform elongation of a steel pipe 
unproves remarkably. 

[0035] It becomes important in order for what the cementite before heat treatment is made into the 
balling-up cementite of suitable magnitude for to carry out proper amount generation of the residual 
gamma-phase. The effect of the balling-up cementite mean particle diameter exerted on the amount of 
residual gamma is shown in drawing 3 . It is drawing 3 to the amount of residual gamma 2.5 In order to 
carry out to more than volume %, it is the mean particle diameter of a balling-up cementite 0.1 mum It 
turns out that it is necessary to consider as the above. In addition, the mean particle diameter of a 
balling-up cementite is 10 micrometers. If it exceeds, the dissolution of carbide will become slow too 
much, The amounts of C needed in order to generate the residual ganmia-phase of a proper amount run 
short. For this reason, the mean particle diameter of a balling-up cementite is 10 micrometers. 
Considering as the following is desirable. 

[0036] Subsequently it is the heating rate of 10 degrees C/s or more about the steel pipe which has the 
organization which considered as the balling-up cementite of the particle size which described the 
cementite above with ** diameter reduction rolling which was described above. It heats to the 
temperature of the range of 800-1 100 degrees C, and holds 30 or less s. The relation of the amount of 
residual gamma and heating rate to generate is shown in drawing 4 . It is drawing 4 R> 4 to the amoxmt 
of residual gamma 2.5 In order to make it generate more than volxmie %, it turns out that it is desirable 
to consider as the heating rate of 10 degrees C/s or more. Since C which a heatmg rate diffuses in s in 
less than 10 degrees C /increases, the amount of residual gamma to generate decreases. In addition, it is 
not necessary to limit especially the upper limit of a heating rate, and it is determined by the capacity of 
heating apparatus. 

[0037] The relation between the amount of residual gamma to generate and the holding time of 
whenever [ each stoving temperature / of heat treatment ] is shown in drawing 5 . If there are few 
amoimts of residual gamma which whenever [ stoving temperature ] generates under by 800 ** and the 
heating holding time exceeds 30s, the amount of residual ganuna in which whenever [ stoving 
temperature ] also generates 800 ** will decrease. For this reason, it is desirable to lunit the heating 
holding time to 30 or less s. In addition, it is satisfactory in any way also considering the holding time as 
zero (it does not hold). 

[0038] With the cooling rate of 3 degrees C/s or more after heating to the temperature of the range of 
800-1 100 degrees C in the 2nd this invention and carrying out maintenance (or it does not hold) 30 or 
less s It cools to 500 degrees C or less. The amoxmt of residual gamma is somewhat influenced also with 
the cooling rate after heating maintenance. The relation between the amount of residual gamma and a 
cooling rate is shown in drawing 6 . When the residual gamma-phase amount of generation has an 
extremely slow cooling rate and is set to s from drawing 6 in less than 3 degrees C /, it becomes difficult 
for it to be stabilized and to secure the amount of residual gamma more than 2.5 %. For this reason, as 
for the cooling rate after heating maintenance, it is desirable to limit [ s ] in 3 degrees C /or more. 
[0039] Moreover, cooling-shut-dovm temperature If it exceeds 500 degrees C, a gamma->alpha 
transformation will arise after that and the amount of residual gamma will decrease. For this reason, 
cooling-shut-down temperature It is desirable to limit to 500 degrees C or less, in addition, whenever 
[ stoving temperature / of heat treatment ] was too high exceeding 1 100 degrees C, or the organization 
which will make a ferrite a subject if the holding time is too long exceeding 30s metamorphosed into 
gamma single phase, and it was obtained with diameter reduction rolling ~ high - r value texture will be 
again made random. Therefore, as for heat treatment of this invention, limiting to the range of the 
holding time is [ whenever / above-mentioned heating rate and stoving temperature ] desirable. In 
addition, it is necessary to control the holding time within the limits of above-mentioned this invention 
whenever [ stoving temperature / of heat treatment ] on the conditions which can maintain the 
organization which makes a subject the ferrite decided by a presentation and heating rate of a steel pipe. 
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[0040] Moreover, it is Number min at 400 *♦ extent needed in heat treatment in the 2nd this invention 
with the steel materials which have the conventional residual gamma-phase. Processing in which it holds 
in between is not needed, but easily, a difficult steel pipe also applies heat treatment of this invention, 
and cooling control can carry out the thing of it. By heat treatment in the 2nd this invention, this 
invention persons consider as follows the device in which Residual ganwna is generated. 
[0041] In order to make residual gamma-phase generate, it is necessary to make gamma-phase C 
concentration 1% or more. Therefore, in this invention, distribution of C of gamma-phase and a 
cementite phase are used. That is, if the steel containing a cementite is heated, gamma-phase will begin 
to generate aroxmd a cementite. Gamma-phase C concentration at this time becomes about 1% by 850 ** 
so that it may be expected from a Fe-C binary-condition Fig. Thus, gamma-phase [ to which C 
condensed ] remains to a room temperature, even if it cools at a comparatively late rate, since it is 
thermally stable. However, if the case where a heating rate is slow, and heating time become long, since 
C will be spread, sufficient C concentration is not obtained. Therefore, in this invention, it is considering 
as rapid heating and short-time maintenance. 

[0042] Moreover, since the configuration of a cementite dissolves with short-time heating extremely like 
the case of being detailed, and a pearlite, like the carbide in bainite in the case of-like [ lamellae ], 
control of a heating rate or the holding time becomes difficult. Therefore, it is mean particle diameter 0.1 
about a cementite like this invention. It is 10 micrometers preferably more than mum. What is 
considered as the following balling-up cementites becomes important. 
[0043] On the other hand, by the conventional approach which is indicated by IP,63- 195221, A, 
distribution of C of gamma-phase and alpha phase are used, namely, a two phase region (alpha+gamma) 
- heating - gamma-phase - first C - after making it condense - further - up to the temperature of 400 
** extent - quenching - holding - gamma-phase - second C - it is made to condense gamma-phase C 
concentration in the first two phase region (alpha+gamma) in this approach is expected for example, 
from a Fe-C binary-condition Fig. - as ~ at most - it is 0.8 % extent and is not thermally stable enough, 
therefore, second C - up to the temperature to condense - it must quench - further - second C - C 
gamma-phase in concentration - in order that a deposit of concentration and carbide may compete, with 
a steel pipe, difficult cooling control is needed - retention temperature and time amount must be 
controlled in the very narrow range. Moreover, with the technique indicated by JP,63- 195221, A, there is 
also a problem that Si which controls a deposit of carbide must be added so much, and it has also 
become the factor which reduces workability. 

[0044] In the 3rd this invention, it replaces with diameter reduction rolling in the 2nd this invention, 
annealing etc. is used, and a cementite is mean particle diameter 0.1 about the organization of a steel 
pipe. It considers as the organization which is a balling-up cementite more than mum. It is the heating 
rate of 10 degrees C/s or more like [ the steel pipe which has such a spherical cementite organization ] 
the 2nd this invention. It heats to the temperature of the range of 800-1 100 degrees C, and heat treatment 
held 30 or less s to this temperature is performed. And it continues. It is 30% or more of rate of diameter 
reduction preferably, diameter reduction rolling is carried out in the temperature region which serves as 
an organization which makes a subject a ferrite 600 degrees C or more, and, subsequently it is the 
cooling rate of 3 degrees C/s or more. It cools to 500 degrees C or less. By such manufacture approach 
as well as the 2nd this invention, the high r value steel pipe which has residual gamma-phase can be 
manufactured. 

[0045] this invention persons consider that the residual gamma-phase generation device in this 3rd this 
invention is also the same as that of the case where it heat-treats after ** diameter reduction rolling. That 
is, when rapid heating of the balling-up cementite is carried out, it is thought that it is what was 
stabilized to extent which is not decomposed even if C concentration in gamma-phase [ to generate ] is 
fully high and carries out diameter reduction rolling. As mentioned above, by the manufacture approach 
of explained this invention, especially the manufacture approach of a start steel pipe is not limited. 
Usually, the manufacture approach of the welded tube which fabricates band steel in the shape of a 
cylinder, carries out seam welding, and is used as an electroseamed steel pipe which is a well-known 
approach is applicable, the band steel to be used - hot rolled sheet steel and cold rolled sheet steel - all 
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are suitable. Moreover, even if it uses a seamless steel pipe as a start steel pipe, it is satisfactory in any 

way. 
[0046] 

[Example] (Example 1) The hot rolled sheet steel (board thickness: 2.6 mm) of the chemical entity 
shown in Table 1 was fabricated in the shape of a cylinder, electric resistance welding of the seam 
section was carried out, and it considered as the electroseamed steel pipe. Diameter reduction rolling 
was performed to these electroseamed steel pipes on the conditions shown in Table 2, and it heat-treated 
on the conditions subsequently to Table 2 shown. And the amount measurement of residual gamma and 
the tension test of a steel pipe longitudinal direction were carried out about the obtained steel pipe. 
[0047] About the test piece extracted from the circumferencial direction vertical section of a steel pipe, 
the X diffraction was used and measurement of the amount of residual ganuna converted it into the 
amount of residual gamma using the calibration curve from the obtained X diffraction reinforcement. 
Moreover, the tension test of a steel pipe longitudinal direction extracted the JIS No. 12 test piece for 
tensile test of A from the steel pipe, carried out the tension test, and calculated tensile strength TS, 
elongation El, and imiform elongation U El. Moreover, true distortion of the longitudinal direction when 
performing 6 - 7% of **** by the nominal strain, after the r value's having extracted the JIS No. 12 the 
test piece for tensile test of A and sticking the strain gauge whose gage length is 2mm: R value =rho 
[ from inclination rho ]/(-l-rho) was calculated by having measured the true distortion eW of the cross 
direction to eL. 

[0048] Moreover, it gazed at the organization of the electroseamed steel pipe before heat treatment with 
the scanning electron microscope, and the particle size of a cementite was measured. The speculum of 
the test piece extracted from the circumferencial direction vertical section section of a steel pipe is 
etched and carried out with NAITARU liquid, and it is 10000 with a scanning electron microscope. It is 
100 at twice. After picturizing the cementite of an individual, the mean particle diameter of a cementite 
was computed for this photograph by ball conversion using image-analysis eqxiipment. 
[0049] The obtained result is shown in Table 2. 
[0050] 
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[0051] 
[Table 2] 
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[0052] 
[Table 3] 
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[0053] It compares with the steel pipe of the example of a comparison which separated from the range of 
this invention, and each steel pipe of this invention is residual gamma-phase [ of a high amount ] An 
implication, the high intensity beyond TS:590MPa, and 1.2 High intensity - which has the above high r 
value It is a quantity workability steel pipe. 

(Example 2) The hot rolled sheet steel (board thickness: 2.6 mm) of the chemical entity shown in Table 
1 was fabricated in the shape of a cylinder, electric resistance welding of the seam section was carried 
out, and it considered as the electroseamed steel pipe. Annealing is given to these electroseamed steel 
pipes. It considered as the steel pipe of the organization which has the spherical cementite of the particle 
size shown in Table 3. In addition, measurement of the mean particle diameter of a cementite was made 
to be the same as that of an example 1 . Occasion, To these steel pipes, it heat-treated on the conditions 
shown in Table 3, and diameter reduction rolling shown succeedingly in Table 3 was performed. About 
the obtained steel pipe, the amount measurement of residual gamma and the tension test of a steel pipe 
longitudinal direction were carried out like the example 1. 
[0054] The obtained result is shown in Table 3. 
[0055] 
[Table 4] 
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[0056] Like an example 1, all, the steel pipe of this invention has the high amount of residual gamma 
compared with the steel pipe of the example of a comparison which separated from the range of this 
invention, and is the high intensity beyond TS:590MPa, and 1.2. They are the high intensity and the 
quantity workability steel pipe which has the above high r value. 
[0057] 

[Effect of the Invention] As mentioned above, according to [ as explained in full detail ] this invention, it 
is high intensity A quantity workability steel pipe can manufacture cheaply easily, and begins hydro 
form processing, a working limit improves remarkably on the occasion of various kinds of processings, 
and marked effectiveness is done so on industry [ say / that complicated components can fabricate now 
easily ]. Moreover, according to this invention, it becomes the high intensity steel plate equipped with 
high workability, and is effective in the ability to attain lightweight-ization of components. 
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